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Long-term exposure to bis(2-ethylhexyl)phthalate (DEHP)
inhibits growth of guppy fish (Poecilia reticulata)
Abstract
Bis(2-ethylhexyl)phthalate (DEHP) is a widely used plasticizer that is a commonly found contaminant
of aquatic environments. However, little is known about the long-term effects of DEHP on fish
development, as previous studies yielded conflicting results and mostly investigated the effects of
concentrations higher than those found in natural habitats. We thus aimed to investigate the effects of
DHEP (i) at concentrations present in the environment, and (ii) under conditions that might accentuate
any deleterious consequences (larvae rather than adult fish, use of higher temperature). Different
concentrations of DEHP (0.1-10 microg l(-1)rpar; applied continuously for 91 days were tested on
guppy fish that were less than one week old at the beginning of the treatment. As early as 14 days after
the start of exposure, guppies treated with 10 microg l(-1) DEHP showed significantly reduced body
length as compared with control fish. The inhibitory effect of DEHP was concentration-dependent and
increased with time, leading to a maximal reduction in body length of 15 and 40% at 1 and 10 microg
l(-1) DEHP, respectively. The effect was even more pronounced for body weight, which was diminished
by up to 40 and 70% at 1 and 10 microg l(-1) DEHP, respectively. The reduction in growth was still
significant at 91 days of DEHP treatment, whereas the Fulton's condition factor was unaffected. While
DEHP significantly blocked growth in both male and female guppies, no shift in the sexual development
was observed. These data show that DEHP, at concentrations present in aquatic environments, can
profoundly affect development in fish. Copyright (c) 2009 John Wiley & Sons, Ltd.
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Abstract 
Bis(2-ethylhexyl)phthalate (DEHP) is a widely used plastic softener that has 
commonly been found to contaminate the water ways from our environment. 
However, only few long-term studies about DEHP affecting fish development have 
been conducted, mostly at concentrations higher than naturally occurring and with 
conflicting results. We thus aimed to investigate any DEHP effects (i) at 
concentrations found in our environment, and (ii) under conditions that might 
accentuate any effects (larvae rather than adult fish, use of higher temperature). Less 
than one week-old guppy fish were continuously treated for 91 days with different 
DEHP concentrations (0.1 to 10 μg/l). As early as 14 days after starting the DEHP 
treatment, guppies treated with 10 μg/l DEHP were significantly shorter as compared 
to control fish. The inhibitory effect of DEHP was dose-dependent and increased with 
time, leading to a maximal reduction in fish length of 15 and 40% at 1 and 10 μg/l 
DEHP, respectively. The effect was even more pronounced for the fish weight, which 
was diminished by up to 40 and 70% at 1 and 10 μg/l DEHP, respectively. The 
significant reduction in growth was still present at 91 days of DEHP treatment. While 
DEHP significantly blocked the growth of both male and female guppies, no shift in 
the sexual development of the fish could be observed. These data show that DEHP, 
at the rather limited concentrations present in our environment, can significantly 
affect fish development. 
 
Introduction 
Bis(2-ethylhexyl)phthalate (DEHP) has been a commonly used plastic softener and, 
therefore, is contained in many plastic products. Because DEHP is not covalently 
connected with the plastic material, it is able to diffuse into the environment over time 
[Takehisa et al., 2005], causing ubiquitous contamination. For example, DEHP 
concentrations of ~0.85 μg/l have been found in the Rhine, and up to 220 μg/l in 
rivers near sewage plants of the industrial region Nordrhein Westfalen in Germany 
[Furtmann and Landesamt für Wasser und Abfall Nordrhein-Westfalen, 1993]. 
Up to now, only little information has been obtained about any long-term effects of 
DEHP on the development of fish. In one study with a non-typically high DEHP 
concentration (554 μg/l in a flow-through system), the exposure of <3 day old 
Japanese rice fish (Oryzias latipes) during 168 days diminished their weight growth 
by 13% [Defoe et al., 1990]. Chikae et al., using more typical concentrations (0.1, 1, 
and 10 μg/l), also found a weight reduction at five months after treating Japanese rice 
fish eggs with DEHP until they hatched [Chikae et al., 2004a] and fry for three weeks 
[Chikae et al., 2004b]. In contrast to these studies showing an effect when DEHP 
was applied to very young fish, the treatment of 3-4 weeks old guppy fish (Poecilia 
reticulata) for 35 days with 320 μg/l DEHP did not show any effect on their growth 
[Adema et al., 1981]. In the present study, we thus aimed to determine whether the 
continuous exposure of larval (<1 week old) rather than older guppy fish over several 
weeks with DEHP concentrations found in the environment (0.1, 1, and 10 μg/l) 
would affect their development. Guppy fish (Poecilia reticulata) originate from South 
America and were chosen as they are easy to keep, have a chromosome-linked 
sexual development [Winge and Ditlevsen E., 1947], and develop at higher 
temperatures, which may facilitate any DEHP effects [Barron et al., 1987] 
 
Material and Methods 
A total of 155 less than one week old guppies (Poecilia reticulata) were equally 
divided into five different groups and added to five 10 l full glass aquaria, filled with 
nothing but fresh tap water. We did not use any water pumps, filters, soil, and plants 
to avoid the DEHP concentrations being influenced by these factors. DEHP (Sigma; 
industrial grade: >98% pure) was first diluted to 100 μg/ml in dimethylsulfoxide 
(DMSO), and then on to 10 and 1 μg/ml in DMSO. From each one of these stock 
solutions, 1 ml was then added into a different aquarium containing 10 l of tap water, 
thus achieving final DEHP concentrations of 0.1, 1, and 10 μg/l DEHP, respectively, 
and a final DMSO concentration of 0.01% (v/v), which was also used for the DMSO 
control. Another control aquarium (H2O control) had neither DEHP nor DMSO added 
to it. The aquaria were placed into a room with a constant temperature (28°C) and an 
artificial day-night cycle (14 h bright, 10 h dark). Because DEHP degenerates over 
time [Staples et al., 1997], the solution was changed once per week. The fish were 
fed every day with standard fish food (Sera Vipan, Heinsberg, Germany). At defined 
time points (from 14 to 91 days) after starting the DEHP treatment, we measured the 
length and/or weight of the guppies and identified, if possible, their gender (based on 
the presence or absence of the female gravid spot and the male gonopodium, 
respectively). To permit accuracy, the fish were anesthetized with 300 mg/l 3-amino 
benzoic acidethylester (MESAB) for the length and weight measurements. All 
experiments were conducted according to our protocol that had been approved by 
the Veterinary Department of the Canton of Zurich, Switzerland.  
The experiment was finished after 12 weeks, and the measurements for each week 
were statistically analyzed (SPSS statistics software, Chicago, Illinois) by using 
univariate analyses of variance (one-way ANOVAs) with the length and weight, 
respectively, as the dependent variable and the DEHP concentration as a factor 
(independent variable; using the DMSO control for 0 μg/l DEHP). Tuckey-Kramer 
HSD post-hoc tests were used for the pair-wise comparisons between the different 
DEHP treatments and the respective DMSO control. 
 
Results 
To examine any effect of DEHP on guppy fish development, we measured both the 
length and weight of the fish at defined time points upon continuous DEHP 
exposure. These measurements were compared to the ones from fish kept in the 
absence of DEHP, both with and without the solvent DMSO (DMSO control and H2O 
control, respectively). While the solvent DMSO by itself neither inhibited the length 
nor weight of the fish significantly, DEHP caused a dose-dependent reduction in 
both growth parameters (Figs. 1 and 2). The DEHP-mediated inhibition in growth 
was statistically significant as early as 14 days after beginning the exposure DEHP 
(pANOVA = 0.002 for the length) and increased with time (Figs. 1 and 2; pANOVA 
< 0.001 from 28 days on for both the length and weight of the fish). In addition, the 
DEHP-mediated growth inhibition was dose-dependent as revealed by pair-wise 
comparisons between fish kept in the presence of DEHP (0.1, 1, and 10 μg/l), and 
control fish in DMSO (DMSO control). While at 14 days, only the highest DEHP 
concentration (10 μg/l) significantly inhibited the fish length (Fig. 2A), at 28 days and 
any later time points both 1 and 10 μg/l DEHP significantly blocked both the length 
and weight of the fish (Figs. 2A and B). The lowest DEHP concentration of 0.1 μg/l 
led at two time points (42 and 56 days) to a significantly reduced fish length 
(Fig. 2A), but only once (at 28 days) to a significantly smaller weight (Fig. 2B). 
Longer treatment (≥28 days) with higher DEHP concentrations, as compared to 
0.1 μg/l DEHP, always restrained the growth of the fish. Thus, guppies treated with 1 
and 10 μg/l DEHP, e.g., for 49 days were 15% and 30%, respectively, shorter than 
the DMSO control fish. The DEHP effect was even more pronounced for the weight, 
where the 49 day treatment gave a highly significant 40% and 70% inhibition of 
growth for 1 and 10 μg/l DEHP, respectively (Fig. 2). At 91 days – i.e., when we 
ended our experiment – fish treated with 1 and 10 μg/l DEHP were 10 and 26% 
shorter, respectively, and 32 and 61% lighter, respectively, as compared to the 
DMSO control, while fish treated with 0.1 μg/l DEHP were 4% shorter and 15% 
lighter, but this difference was not statistically significant (Fig. 2). Taken together, our 
results show that the continuous exposure of guppy fish to DEHP at 28ºC inhibits 
their growth in a time- and dose-dependent manner, with an overall significant effect 
being exerted by as little as 1 μg/l DEHP. 
To assess whether DEHP differently affects male and female guppies, we analyzed 
the fish more closely at 49 days of treatment, i.e., a time point when there were still 
≥20 guppies for each DEHP treatment (Fig. 2C). Male and female guppies – 
differentiated based on their coloring, shape of the anal fin (gonopodium), and 
presence or absence of a gravid spot – were identified and measured. As shown in 
figure 1, both male and female guppies responded to the DEHP treatment with a 
dose-dependent reduction in length. Interestingly, the DEHP-mediated inhibition in 
fish growth was more prominent for the female guppies, where 0.1 μg/l DEHP 
already caused a highly significant reduction, which also occurred at 1 and 10 μg/l 
DEHP (Fig. 1). A significant effect on male guppies, by contrast, was only observed 
at 1 and 10 μg/l DEHP. The sexual development was not shifted towards a specific 
gender as the ratio of male vs. female guppies was reverse for 1 and 10 μg/l DEHP 
(Fig. 1). Taken together, these data show that DEHP exerts an inhibitory effect on 
both male and female guppies, with female guppies possibly being more susceptible 
than male guppies. 
 
Discussion 
Our study shows a prominent inhibitory effect of DEHP on the growth of guppy fish. 
There are only few other long-time incubation studies assaying an effect of DEHP on 
the growth of fish. While one publication using an abnormally high DEHP 
concentration (554 μg/l) describes a growth inhibition in larval Japanese rice fish 
[Defoe et al., 1990], other reports testing DEHP concentrations that have been used 
in our study (≤10 μg/l) for 10-126 days neither detected any effect on larval rainbow 
trouts (Oncorhynchus mykiss) [Mayer et al., 1977; Cohle and Stratton J., 1992] nor 
on juvenile fathead minnows (Pimephales promelas) [Adema et al., 1981]. 
Interestingly, Adema et al. (1981), using 3-4 weeks old guppies and an abnormally 
high DEHP concentration (320 μg/l), could not find any significant effect on the fish 
growth. We thus conclude that the age of the fish (larvae vs. more adult) plays a 
crucial role in determining whether DEHP inhibits their growth or not. In any case, 
under “natural” conditions DEHP will be present from the early embryonic stage. 
The rather strong DEHP influence occurring in our experiment, as compared to other 
studies using embryonic and larval (<1 week-old) fish [Mayer et al., 1977; Defoe et 
al., 1990; Cohle and Stratton J., 1992] can be explained by the previously described 
temperature-dependent bioaccumulation of DEHP [Barron M.G. et al., 1986; Barron 
et al., 1987], showing that much more DEHP is retained in the fish body at higher 
rather than lower temperature. We thus conducted our study at 28°C, which is higher 
than the 10°C used for rainbow trouts by [Mayer et al., 1977; Defoe et al., 1990; 
Cohle and Stratton J., 1992]. In agreement with the facilitation of DEHP effects by 
increasing temperature [Barron et al., 1987], other studies – not considered robust 
enough by the European Risk assessment [Swedish Chemicals Agency, 2008] – 
conducted at 25°C also found an inhibitory effect of DEHP [Chikae et al., 2004a; 
Chikae et al., 2004b; Defoe et al., 1990]. Taken together, these and our data 
indicate that any DEHP effects may be more prominent in warmer rather than cold 
water. 
The solubility of DEHP in water amounts to approx. 3 μg/l [Staples et al., 1997]. To 
avoid DEHP being absorbed by any plastic or other items, we used full glass 
aquariums with nothing else but water. The highest DEHP concentration in our study 
was aimed at 10 μg/l, but it is possible that this concentration was not fully reached 
due to the saturation of water with DEHP. In any case, as compared to our data 
obtained with 1 μg/l, a maximally 10-fold higher DEHP concentration resulted in a 
more pronounced inhibitory effect. Because DEHP degenerates in water over time 
[Staples et al., 1997], the DEHP concentration in each one of our aquariums may 
have been somewhat below the theoretically calculated DEHP values. Even more 
so, the dramatic effect with regard to DEHP inhibiting the growth of guppies at 
concentrations occurring in our environment is remarkable. 
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Fig. 1: Representative male and female guppies (resized to the average length of 
each group) at 49 days of continuous treatment with 0.1, 1, and 10 μg/l DEHP, as 
compared to control fish kept with and without DMSO (DMSO control and H2O 
control, respectively). The grid indicates a millimeter paper; asterisks show significant 
(*; p < 0.05) and highly significant (**; p < 0.01) differences in length between this 
DEHP treatment and the respective DMSO control, based on pair-wise comparisons 
for both male and female fish (Tukey-Kramer HSD posthoc tests; cf. text). 
 
Fig. 2. Continuous DEHP treatment inhibits the growth of guppy fish. Length (A) and 
weight (B) of the guppies (means ± SD) at defined time points of continuous 
treatment with 0.1, 1, and 10 μg/l DEHP, as compared to control fish kept with and 
without DMSO (DMSO control and H2O control, respectively). (C) Number of 
individuals (n) for each treatment. Note that the number of individuals decreases with 
time for each group as some fish did not survive the MESAB treatment the 
measurement or the treatment in general. 


